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ABSTRACT

A method involving overnight stir bar sorptive extraction (SBSE) headspace gas
chromatography/mass spectrometry (GC/MS) in negative ion chemical ionization (NICI)
mode was developed to determine the presence of aldehydes (cis-4-heptenal, trans,trans2,4-heptadienal, trans-2-octenal, cis-6-nonenal, trans-2-cis-6-nonadienal, trans-2-nonenal,
and trans,trans-2,4-decadienal) in fresh and aged commercial fish oil (untreated and
treated with antioxidant blends). Aldehyde standards were quantifiable to >100ppb levels
using this method. Only trans,trans-2,4-heptadienal was shown to be present in the
commercial fish oil and its presence was used to compare the performance of the two
different antioxidant treatments in the fish oil.
INTRODUCTION

Lipids are one of the main structural components of living cells and are also
responsible for flavor in foods, usually negative qualities of food flavor. Lipids give fats
and oils their rancid taste and smell. Unsaturated lipids react with oxygen to form
hydroperoxides by a free radical process known as autoxidation involving three steps:
initiation, propagation, and termination. Free radicals formed from homolytic cleavage or
abstraction of hydrogen react with oxygen to form hydroperoxides. These hydroperoxides
are very unstable and will break down into a variety of volatile flavor and odor
compounds. Aldehydes have been found to have a plant-like odor and ketones are found
to have a metallic off-flavor. It has been said that aldehydes are the most significant
aroma compounds. Alcohols also contribute, but not as significantly as aldehydes or
ketones. Extremely low levels of these compounds have been found to contribute to offflavor in oils and foods.1
For many years, it has been evident that a balance of monounsaturated fatty acids
(MUFA), omega-3 polyunsaturated fatty acids (PUFA), and omega-6 PUFA may reduce

the risk ofdeath from coronary heart disease.2 There have also been several other health
claims stating that omega-3 PUFA should be taken for better mental health, younger
looking skin, and stress reduction. The dietary intake of omega-6 PUFA has increased
greatly in the recent years, and now there should be an increase in omega-3 PUFA to
maintain the balance between the two. These omega-3 PUFA are found in
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) and the best source of
these two types of fatty acids are from marine oils. Unfortunately, marine oil is
accompanied by an undesirable odor due to the very rapid autoxidation of its fatty acids
that limits its application to foods.
There are several methods available today to measure rancidity in oils including
peroxide value (PV) tests, active oxygen method (AOM), oil stability index(OSI) and

rancimat methods, and conjugated dienes.3 PV and conjugated dienes are measurements
of primary oxidation while AOM and OSI are accelerated tests to measure secondary

oxidation products formed when the material is stressed. AOM is a method to measure
rancidity in which air is bubbled through an oil heated at 98-100°C and OSI is the
automated version and can vary with temperature.
GC/MS is a hyphenated analytical technique combining the separation of volatile
molecules by gas chromatography with the identification using mass spectrometry.
GC/MS is a very sensitive technique that is used worldwide for analytical analysis.
There are two different headspace sampling methods that can be used with GC/MS: static
and dynamic. Typical static headspace methods include solid phase micro extraction
(SPME) and stir bar sorption extraction (SBSE). SPME and SBSE are very similar
techniques involving an equilibrium between sample, headspace and polymer coated
fiber (in the case of SPME) or polymer coated magnetic stir bar (in the case of SBSE).
Both can either be suspended in sample headspace to collect volatiles or immersed into
the sample. Dynamic headspace is typically done using purge and trap analysis. This is
done by constantly purging the sample with a very high purity gas (ie. helium) and
trapping the analytes on a polymer. Some critical conditions to consider for method
optimization are the utilization of cryogenic cooling and the time/temperature effects on
the equilibrium between the headspace and the polymer coating of the material doing the
headspace sampling (SPME fiber or SBSE bars). Because the compounds in food are
very volatile the cryogenic cooling parameter is critical before introducing compounds
into the GC column. This technique prevents the loss of low-molecular weight
compounds by focusing the volatiles on the early portion of the column and overall

improves separation as well as quantification.4 The effect oftime and temperature on the
equilibrium can be determined by testing a range of several different times at different
temperatures, but the effect of temperature on formation of aldehydes is a somewhat
difficult parameter to measure.
There are also many different types of mass spectrometers. The two most
common for GC detection are the ion trap mass spectrometer and the quadrupole mass

spectrometer. The ion trap MS functions by trapping selected ions in a small ion volume
and sending them to the detector with a mass selective Rf waveform. This is
advantageous because the accumulation of ions will increase the signal-noise ratio (in full
scan mode). The quadrupole MS functions by flowing sample ions through four parallel
rods subject to DC and AC voltages and continuously creating selected ions for detection
without interruption. This type of MS is advantageous when the instrument is run in
select ion monitoring (SIM) mode.
Mass spectrometers can also be run in different ionization modes known as
electron impact (EI) and chemical ionization (CI). Electron impact ionization occurs
when a beam of electrons flows through the ion source and is allowed to interact with the

sample molecules. The sample molecules form fragments that are then ionized by
positive or negative interactions. The most common types of ions formed are positive,
caused by the removal of an electron. It is possible to form negative ions by proton
abstraction or attaching a low energy electron to a sample molecule, but this is less

likely.5 Chemical ionization occurs when sample molecules react with reagent gas
molecules (commonly from methane or ammonia) to produce new ions. The reaction
occurring here is an acid-base reaction and the ions observed are molecular ions as
opposed to molecular fragments. Chemical ionization can also form both positive and
negative ions. Positive ion chemical ionization (PICI) occurs by removing an electron

from a molecule of reagent gas forming a positive ion that is able to react with sample
molecules. Negative ion chemical ionization (NICI) can occur by three different
mechanisms. The first is the capture of low energy, slow moving electrons by the sample
molecules. Another is the transfer of electrons from an ionized reagent gas, and the third

is true CI reactions (such as proton abstraction) with the reagent gas ions.6 Both modes of
ionization are advantageous in different ways and both were used in development of this
method. Using EI mode allows the analyst to determine what compounds the molecular
ion fragments come from because usually the software is equipped with a library to
search for the best match for the compounds. While in CI mode, usually higher sensitivity
is achieved with selective detection of molecular ions.

There have been many analytical studies on marine oil and its autoxidation to try
and quantify the compounds causing the rancidity. Dr. Neil Macfarlane of DSM
Nutritional Products Ltd. (UK) has done extensive work on analytical quantitation of

aldehydes in marine oil. According to Macfarlane7, some target aldehydes giving
rancidity to fish oil are: cis-4-heptenal, trans,trans-2,4-heptadienal, trans-2-octenal, cis-6nonenal, trans-2-cis-6-nonadienal, trans-2-nonenal, and trans,trans-2,4-decadienal. Dr.
Macfarlane also makes note of a suitable method for the detection of these target

aldehydes by headspace SPME8 with a quadrupole mass spectrometer in NICI and
selected-ion monitoring (SIM) modes.2 In the patent he describes dynamic headspace
(purge and trap) as being the most sensitive headspace method. Another paperproposed
purge and trap sampling to be the best method for detecting volatile oxidation products in
fish oil with the same temperature conditions Macfarlane describes in the patent (75°C).
The objective of this study was to establish an odor sensitive assay using GC-MS

to detect aldehydes (and other aroma compounds) in marine oil. There is a need for this
assay at Kalsec, Inc. because of the company's significant interest in lipids. For this study
we had an ion trap MS with EI and CI capabilities and static headspace sampling
materials available, but no purge and trap apparatus available. Method development was
focused on improving sensitivityto the list of aroma-active analytes proposed in
Macfarlane's previous studies (see above). Future work should consider the
identification and detection of other oxidized components.

The conditions to optimize in determining the analytical method were: headspace
technique (SPME or SBSE), MS conditions (EI or CI ionization in positive or negative
mode), sample size, sampling time, and sampling temperature.

MATERIALS AND METHODS

Preparation of Oil Standards. Standards of (E,E)-2,4-heptadienal, (E,Z)-2,6nonadienal, (E,E)-2,4-decadienal, Z-6-nonenal, E-2-octenal, Z-4-heptenal, and E-2nonenal, were obtained from Sigma-Aldrich. Standard solutions (concentrations lOOppblOOOppb) were prepared in canola oil from Kalsec, Inc. Fresh fish oil used for aging
studywas obtainedfrom a commercial pet food manufacturer.
Direct Desorption Gas Chromatography-Mass Spectrometry. Samples
volumes of lOuL were injected into glass thermal desorption tubes (Gerstel, Baltimore,
MD) packed with silane treated glass wool. The glass thermal desorption tubes were

placed in a TDSA2 autosampler (Gerstel, Baltimore, MD) and then placed into a TDS3

automatic thermal desorber (Gerstel) and volatiles were desorbed in splitless mode at an
initial temperature of 20°C for 0.50 minutes followed by a temperature increase at a rate
of 60°C/min to a final temperature of 80°C and held for 20.00 minutes. The inlet
collected volatiles at a temperature of-150°C before injecting into GC. The inlet
temperature was increased by a rate of 12°C/sec to a final temperature that varied
between 160°C-240°C and held for 3.00 minutes prior to injection into GC. The analysis
of the volatiles was done by a Trace GC gas chromatograph (Thermal Electron

Corporation, Waltham, MA) and a Finnigan Polarisg mass spectrometer (Thermal
Electron Corporation). A DB5 column (0.25mm ID x 30m x 0.25um, Supelco) with a
flow of l.OmL/min helium following these temperature conditions: 65°C for 2 minutes,
65°C-240°C at 7°C/min and held for 10 minutes. MS was in positive EI mode and inlet

temperature was held at a temperature of 260°C and MS had a temperature of 175°C.
SPME Headspace Gas Chromatography-Mass Spectrometry. 10 g samples of
canola oil with standard aldehydes were placed into 20 mL glass headspace vials with a
SPME fiber suspended above for 1 hr at 80°C. SPME fiber assembly (Supelco) was
50/30urn, DVB/Carboxen/PDMS fiber for manual holder. SPME fiber was manually

injected into a Trace GC gas Chromatograph with the following GC oven conditions:
35°C for 2 minutes, 35°C to 220°C at 7°C/min and held for 4.5 min. A DB5 column

(0.25mm ID x 30 m x 0.25um, Supelco) with a flow of 1.OmL/min helium was used.
Later, optimal sampling conditions were found to be 1 g of canola oil containing
aldehyde standards in a 20 mL headspace vial at 80°C for 30 minutes.
SPME Headspace Gas Chromatography-Mass Spectrometry using Negative
Ion Chemical Ionization. 1 g samples of canola oil with standard aldehydes were placed
into 22 mL glass headspace vials with a 23 gauge, 50/30um, DVB/Carboxen/PDMS
SPME fiber assembly with manual injection holder (Supelco) suspended above.
Sampling conditions were 30 min at 80°C. The instrument used was a Trace GC gas
Chromatograph (Thermal Electron Corporation, Waltham, MA) and a Finnigan Polarisg
mass spectrometer (Thermal Electron Corporation, Waltham, MA). GC was equipped
with a DB5 column (0.25mm ID x 30 m x 0.25um, Supelco). GC oven program had
initial temp 65°C for 1.00 min and ramp was to 240°C at 10°C/minand held for 5.00
min. Total GC runtime was 23.50 min with splitless injection. MS was in negative ion
chemical ionization (NICI) mode with ammonia as the reagent gas at a flow of
0.8mL/min. MS inlet temperature was 270°C. MS can be run in full scan mode or in SIM
mode. SMPE HS/GC/MS in NICI mode did not prove to give the best sensitivity for low
detection limits of the standard aldehydes in canola oil.
Stir Bar Sorptive Extraction Headspace Gas Chromatography-Mass

Spectrometry (SBSE HS-GC/MS).10 and 1 g samples of canola oil with standard
aldehydes were placed into 22 mL glass twister headspace vials with magnetic sorption
bars suspended above for 1 hr (temperature was varied: room temp, 50°C, 80°C) to
determine optimal conditions for SBSE. Sorption bars with collected volatiles were
placedinto the glass thermal desorption tubes and then placed in a TDS3 (Gerstel,
Baltimore, MD) and volatiles were desorbed in splitless mode at an intitial temberature of
-120°C then ramped at 12°C/secto 250°C and held for three minutes. The analysis of the
volatiles was done by a Trace GC gas chromatograph (Thermal Electron Corporation). A
DB5 column (0.25mm ID x 30 m x 0.25um, Supelco) with a flow of 1.OmL/min helium
following these temperature conditions: 35°C for 2 minutes, 35°C to 220°C at 7°C/min

and held for 4.5 min. MS was in positive EI mode and inlet temperature was held at a
temperature of 260°C and MS had a temperature of 175°C.
24 Hour Stir Bar Sorptive Extraction Headspace Gas Chromatography-Mass
Spectrometry using Negative Ion Chemical Ionization. Aldehyde standards were
obtained from Sigma-Aldrich and were prepared in fresh canola oil (Kalsec) that was
kept frozen until preparation. 1 g samples of oil were placed in 22 mL headspace vial
capped with two sorption bars (Gerstel) suspended in the headspace and placed in a
heater block at 50°C for 24 hours. (This sampling technique was noted in a Gerstel
technical report as an optimum sampling technique for aldehydes in fish oil). After
sampling was complete the sorption bars were rinsed with DI water and patted dry and
then placed into cleaned or baked-out glass desorption tubes (Gerstel). Sorption bars
with collected volatiles were placed into the glass thermal desorption tubes and then

placed in a TDS3 (Gerstel) and volatiles were adsorbed in splitless mode at an intitial
temberature of-120°C then ramped at 12°C/secto 250°C and held for three minutes. The
instrument used was a Trace GC gas Chromatograph (Thermal Electron Corporation,
Waltham, MA) and a Finnigan Polarisg mass spectrometer (Thermal Electron
Corporation, Waltham, MA). GC was equipped with a DB5 column (0.25mm ID x 30 m
x 0.25um, Supelco). GC oven program had initial temp 65°C for 1.00 min and ramp was
to 240°C at 10°C/min and held for 5.00 min. Total GC runtime was 23.50 min with

splitless injection. MS was in negative ion chemical ionization (NICI) mode with
ammonia as the reagent gas at a flow of 0.8mL/min. MS inlet temperature was 270°C.
MS was run in select ion mode (SIM). 24 Hr SBSE HS/GC/MS in NICI was the method
used for detection of trace aldehydes in fish oil and for standard aldehydes in canola oil.
Oxidative Stability Index Method. Fish oil from a commercial pet food
manufacturer was dosed with 0, 0.2%, and 0.4% of two different antioxidant blends (one

containing ascorbic acid and tocopherols, one with onlytocopherols). 5 g of control and
dosed samples were weighed into OSI tubes and induction times were measured with an
Oxidative Stability Instrument (Omnion, Rockland, MA) at 80°C according to AOCS
method Cd 12b-92.

RESULTS AND DISCUSSION

Comparison of Initial GC/MS methods. The GC/MS was equipped with a
Gerstel Thermo Desorption (TDS) unit allowing several differentmethods. A cryogenic
cooling unit in the GC inlet collected volatiles released from the TDS unit. The method of
direct desorption was first used in which glass tubes are plugged with glass wool and

placed into the TDS autosampler. These glass tubes could also be used to hold the SBSE
bars. When the TDS autosampler is removed from the GC inlet, SPME can be manually

injected, but the cryogenic cooling capability cannot be used. Below is a comparison of
these three methods in EI mode.

Standard solution of canola oil containing (E,E)-2,4-heptadienal, (E,Z)-2,6-

nonadienal, and (E,E)-2,4-decadienal were prepared and 1 ppm solutions were analyzed
using the three GC/MS methods described above. See figures 1, 2, and 3 below.

Direct Desorption Method

RT: 5.01-13 04

NL:
6.35E6
m/z=

35.00-

350.00
MS

Fig. 1. Direct desorption method using TDS autosampler and cryo cooling.
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Fig. 2. SBSE Headspace method using TDS autosampler and cryo cooling.
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Fig. 3. SPME headspace method.

From the above figures it is clear that the SPME headspace method allowedthe best
sensitivity of the three compared GC/MS methods. This is consistent with Neil
Macfarlane's preference of SPME headspace.

Solutions of 500ppb and lOOppb containing the three standards were made (see Table 1)
and injected using the SPME headspace method. A comparison of the lOOppb level with
lppm level is shown in Figure 4 (a,b,c) for each standard scanned using SIM mode for
the specific molecular ion for that compound. It is clearthat the lOOppb level is not
detectable using SPME in EI mode.
(E,E)-2,4-Heptadienal

1ppm

\J

lOOppb

g.S

9.0

6.6

7.0

7.8

tO

Fig. 4a. Comparison of 1 ppm and 100ppb standard containing (E,E)-2,4-heptadienal.
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Fig. 4b. Comparison of 1 ppm and 100ppb standard containing (E,Z)-2,6-nonadienal.
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Fig. 4c. Comparison of 1 ppm and 100ppb standard containing (E,E)-2,4-decadienal.
Ammonia NICI-SPME HS/GC/MS method. Changing from EI mode to

negative ion chemical ionization (NICI) mode and using ammonia as a reagent gas gave
the best sensitivity for SPME HS when canola oil with aldehyde standards were made at
low concentrations of lOppb-lOOOppb. This is consistent with Neil Macfarlane's findings,
except he used a quadrupole MS which can yield even greater sensitivity when used in
SIM mode. Table 1 shows the list of aldehyde standards analyzed, their major ion masses
in EI mode, their molecular ion masses in NICI mode, their retention times (same for
each mode), and their molecular weights. Figures 5 and 6 show that a range from 2 ppm

to 20 ppb standard solutions were detectable using SPME HS/GC/MS- NICI. There were
still conditions to be optimized to give better sensitivity at lower concentrations and these
are described in the following sections.

Table 1

Aldehyde Standards
Compound
(E,E)-2,4-heptadienal

Retention Time

Major Ions (El)

Major Ions (CI)

Molecular Weight

5.01

81

109

110

Z-6-nonenal

6.36

81

139

140

E-2-octenal

5.66

39+41+55+67+83

125

126

Z-4-heptenal

3.54

67+83+95

111

112

E-2-nonenal

7.27

39+41+55+81+83

139

140

(E,E)-2,4-decadienal

9.68

81

151

152

E-2-Z-6-nonadienal

7.17

39+41+67+70
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138
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Fig. 5. Canola standard containing Z-4-heptenal, E-2-nonenal, and (E,E)-2,4-decadienal
at concentration of 2 ppm using SPME HS/GC/MS NICI.
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Fig. 6. Canola standard containing Z-4-heptenal, E-2-nonenal, and (E,E)-2,4-decadienal
at concentration of 20 ppb using SPME HS/GC/MS NICI.

Optimization of sampling time and temperature. Aldehyde standards were
spiked into untreated canola oil and analyzed at the following time and temperature
sampling combinations: 30 min. at room temperature (RT), 60 min. at RT, 30 min. at
50°C, 60 min. at 50°C, 30 min. at 80°C, and 60 min. at 80°C. Room temperature

sampling showed very little sensitivity, as was expected, but increased with increasing
temperature; yielding 80°C as the optimum sampling temperature. The time for
equilibrium with the SPME fiber and the oil matrix is not precisely known (though in

some literature it is assumed to bearound 30 minutes4), and while the 60 minute time
interval did give a little bit bettersensitivity, the 30 minute and 60 minute sampling times
were very similar. Because the instrument method was under 30 minutes, the 30 minute
sampling time was chosen for faster sampling due to the volume of samples. A
comparison is shown below in Figure 7.
The 80°C sampling time was optimal for standards in canola oil, but the fact that

this temperature might be too harsh for fish oil was kept in mind for when the method
would be used to run fish oil. If a higher temperature was used it would be difficult to tell
whether or not the aldehydes present in the chromatography were already in the aged oil
or if they were formed during the harsh sampling temperature. It was thought that the
shorter sampling time would also help minimize the possible formation of these
compounds at 80°C.
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Fig. 7a
60 minutes at 80C

Fig. 7b
30 minutes at 80C

Fig. 7. Optimization of sampling time and temperature. Standards had a concentration of
20 ppb.

Optimization of flow rate of ammonia reagent gas. The initial flow rate of
ammonia used in test runs was 1.0 mL/min. These conditions did not seem optimal, so
three other flow rates were used to test for the best sensitivity: 0.5 mL/min, 0.8 mL/min,

and 1.5 mL/min. The flow rate of 0.8 mL/min gave the best ionization efficiency.

Standards containing cis-4-heptenal, trans-2-nonenal, and trans,trans-2,4-decadienal in
canola oil in the 20 part per thousand range were sampled at 80°C for 60 minutes and
injected at the three different flow rates. The recovery results are shown in Table 2.

Table 2. Relative area percents for a 1 ppm solution of Z-4-heptenal, E-2-nonenal, and
(E,E)-2,4-decadienal in untreated canola oil
Compound

Area at 0.5

Area at 0.8

Area at 1.5

Time

mL/min flow

mL/min flow

mL/min flow

3.54

8608

21372

16941

E-2-nonenal

7.22

6142

11355

4853

(E,E)-2,4-decadienal

9.58

3483

7159

3999

Z-4-heptenal

Retention

12

Effect of sample size. When comparing a 10 g sample with a 1 g sample both at
80°C for 30 minutes, approximately the same sensitivity is observed. For this fact, a 1 g
sample was used so more samples could be run with smaller preparation amounts. These
results are shown in Table 3.

Surface area test. It was suggested byMacfarlane7 that we try using a fluted
filter paper in the bottom of a 22 mL headspace vial with a 1 g sample to increase the
surface area of the sample, and thus create more volatiles in the headspace. This
experiment demonstrated no difference than using a 1 g sample without any fluted filter
paper. This is shown in Table 3.

Table 3. Effect of sample size and surface area. Compound measured was E-2-nonenal
(RT 7.39) at 1 ppm in untreated canola oil for all three measurements.
Test Sample of E-2-nonenal
10 g oil sample
1 g oil sample

2799

1 g oil sample on fluted filter paper

2264

Area

2481

Effect of sample agitation. Using an 80°C mineral oil bath and a magnetic stir
bar, 1 g samples of oil were sampled for 30 minutes to see if the magnetic stir bar helped
release volatiles into the headspace of the 22mL sample vial and further onto the SPME
fiber. There was no difference in signal with or without stirring, as shown in Figures 8a
and 8b.
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Fig. 8a. trans-2-nonenal (lppm) with no stirring.
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80°C - with stir bar

trans-2-nonenal -

Fig. 8b. trans-2-nonenal (lppm) with stirring

SPME Headspace GC/MS negative ion chemical ionization method
conclusions. It was apparent that while SPME HS/GC/MS-NICI worked better than other
methods tested, it was still not going to give the sensitivity to detect very low
concentrations of aldehydes in rancid fish oil. This was most likelydue to the limitations
of the SPME fiber itself. The fiber did not contain enough volatile collecting surface area

to give the sensitivity that was needed for further studies. SPME HS/GC/MS-NICI did
give good sensitivity to concentrations around 500 ppb, butnot as low as we desired for
our fish oil study.

Optimal Method for measuring headspace in fish oil - direct desorption
GC/MS using negative ion chemical ionization and overnight headspace using stir

bar sorptive extraction bars. The patent by Neil MacFarlane6 states that the best
method to determine trace levels of aldehydes in fish oil is with a purge and trap system

and a quadrupole mass spectrometer. He also states in The FAST Index that extremely
low levels of aldehydes (<lOOppb) can be detected using the quadrupole MS with SPME
HS in NICI mode. Because the instrument used in our work was an ion trap MS, the

sensitivity was a little lower when trying to use NICI in SIM mode. Figure 6 shows a 20
ppb standard solution in canola oil. The first peak, Z-4-heptenal is the most visible of the
three in the sample, but the signal to noise ratio observed is lowerthan desired. The peaks
were hard to detect at very low levels. After concluding that the SPME HS/GC/MS-NICI
method does not give adequate sensitivity below lOOppb even at the most optimal
conditions a search began for a better method.

A technical report from Gerstel (Baltimore, MD) shows that overnight twister
headspace is an alternative method to purge and trap analysis for detection of trace

aldehydes in fish oil. Macfarlane's The FAST Index2 was referenced in the abstract ofthe

14

technical report. There are several advantages to using Gerstel Twister™ Stir Bar
Sorptive Extraction (SBSE) bars instead of a SPME fiber, including better sensitivity. To
further increase the chances of detecting low levels of aldehydes two SBSE bars were
used, suspended in headspace to get even better sensitivity. Two bars are optimal because
this doubles the sensitivity found in one bar, and more than two bars would probably
contain too much sample to be injected into the GC. The oil sample was kept at 50°C for
24 hours during headspace sampling. This method was tested and the conclusion is that
there is greater sensitivity using this method. This can be seen by comparison of the
signal for t-2-nonenal in figure 9 a and b with that in Fig. 5 for a 2 ppm standard
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Fig. 9a. 1 g sample containing 500 ppb trans-2-nonenal using overnight SBSE
HS/GC/MS-NICI method.
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Fig. 9b. 1 g sample containing 100 ppb trans-2-nonenal using overnight SBSE
HS/GC/MS-NICI.

Aldehyde standard calibration using canola oil. The overnight SBSE
HS/GC/MS-NICI method also made it possible to calibrate the targeted aldehyde
standards (between 1 ppm and 10ppb) from the patentby Neil Macfarlane to hopefully
be able to quantify the aldehydes in the aged fish oil.
Fish Oil Aging Study. Fish oil with three different antioxidant treatments was

analyzed for oxidative stability using anoxidative stability instrument (OSI). This was
done for a pet food manufacturer that uses fish oil in its dog food. Dogs will not eatthe
dog food if it has rancid fish oil in it. Table 4 gives the treatments andthe OSIvalues for
the samples. An OSI value is the induction time or time of oxidation (in hours) of a
sample under forced aging conditions. The goal of the project was to try to determine if
increasing the amount of tocopherol could replace ascorbic acid as an antioxidant in the
standard blend sample. The data shows that increasing the amount of tocopherol does not
match the performance of the standard blend.
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Table 4. Hills Pet Food fish oil OSI val ues to be used in Kalsec aging study.
Standard
Blend

(Treatment 1)

62.107.09

Dosing

OSI value

OSI value

Levels

(1)

(2)

AOA20

Tocopherol
Ascorbic

10.50%

0.20%

10.25

10.05

7.50%

0.40%

15.95

16.4

0.20%

8.5

9.55

0.40%

10.35

10.5

0.20%

8.55

8.8

0.40%

10.4

10.8

0%

6.15

5.9

Sample 1
(Treatment 2)
AOA100

Tocopherol

33.10%

Sample 2
(Treatment 3)
AOA100

Tocopherol

16.55%

Control

A fish oil aging study was prepared using the control sample, the standard blend (called
Treatment 1 in the aging study), and Sample 1 (with the highest level of tocopherol,
calledTreatment 2 in the aging study). Samples began the aging process on 3/26/07 and
were analyzed using the Overnight SBSE HS/GC/MS-NICI method previously described.
Figure 10 shows the control sample aged at 25 days analyzed using SBSE HS/GC/MSNICI. Onlyone compound from the list of target compounds from Neil Macfarlane was
observed (trans,trans-2,4-heptadienal).
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Fig. 10. Fish oil control sample aged 25 days analyzed using SBSE HS/GC/MS-NICI.

In order to find out the other compounds that are present in the sample of aged fish oil,
the aged control was run in electron ionization mode, which allowed a library search in
the software to help identify peaks and a few of them are identified in Figure 11. Most of
the peaks were alcohols and ketones, not in the list of target aldehydes that were
calibrated for this study.
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Fig. 11. Fishoil control aged 25 days run using SBSE HS/GC/MS in EI mode. Peaks
were searched and identified in this chromatogram.

The trans,trans-2,4-heptadienal peak observed in the aged fish oil under NICI conditions
was useful in determining the effect of the treatments on the aged fish oil. Figure 12
shows a graph containing the standard blend (Treatment 1) and the Sample 1 (Treatment
2) described above. Treatment 1 (containing both tocopherols and ascorbic acid) was
more effective as an antioxidant than Treatment 2 (containing only tocopherols), but the

differences do not appear to be significant by this graph. There are significant differences
in the OSI values reported above showing Treatment 1 had better performance as an
antioxidant. This could be because our method might not have been sensitive enough to
detect significant differences at earlier times.
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Fish Oil Aging Analysis
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Fig. 12. Comparisonof relative area of (E,E)-2,4-heptadienal (aldehyde observed in aged
fish oil) in Control, Treatment 1, and Treatment 2 samples of aged fish oil. Higher
relative area confirms a greater presence of the aldehyde in the sample.

CONCLUSION

Because only one of the compounds present in Neil Macfarlane's list of target
aldehydes was detected in our aged fish oil, we can conclude that the list of target
aldehydes was not significant to use in this study or that our detection limits remain
inadequate to detect their formation at aroma-detection levels. Instead, there were several
alcohols and ketones present in the fish oil sample. Alcohols and ketones have also been
found to be significant contributors to fish oil rancidity smell and off-flavor, but it has

been said that aldehydes are the most significant ofthese aroma compounds.1 This could
be due to the type offish oil and the fact that fish oil is unusually difficult to characterize.
This is due to different methods of preparation, different storage methods, different

purification steps, and even differences in the types offish that the oil is extracted from.10
In the future, the fish oil should be more carefully characterized before analysis.
The overnight SBSE HS/GC/MS-NICI method was sufficient to detect very low
levels of aldehyde standards (around 100 ppb). However, when analyzing fish oil,

overnight sampling at 50°C may be causing formation of aldehydes instead of collecting
what aldehydes are already present in the sample.
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The structures of the fatty acids in the fish oil (omega 3 and omega 6 fatty acids)
are important in determining how these lipid oxidation reactions are occurring. The
"omega 3" name of these fatty acids comes from the unsaturation occurring in the third
carbon from the methyl end of the fatty acid, and then occurring every third carbon
thereafter. Some common Omega 3 fatty acids are a-linolenic acid (18 carbons, 3 degrees
of unsaturation, commonly found in vegetable oil), eicosapentanoic acid (EPA, 20
carbons, 5 degrees of unsaturation, commonly found in fish oil), and docosahexaneoic
acid (DHA, 22 carbons, 5 degrees of unsaturation, found in fish oil). EPA and DHA are
both very important for the diet, but are also very susceptible to oxidation and rancidity
due to the many degrees of unsaturation. The areas of unsaturation in these oils are
reactive sites where oxidation begins. The mechanism that is occurring is electrophilic
addition of reactive oxygen radicals. Because there are several areas where reaction can
occur, the length of carbons in the resulting aldehydes can differ. It is difficult to know
the preference of the reactions occurring, and thus difficult to know which aldehydes are
the "target aldehydes."
Recommendations for future study include: (1) development of a more

appropriate list of markers by preliminary analysis of representative control and aged
samples offish oil, (2) testingNICI at lower electronbeam energy for possible increase
in ionization selectivityfor aldehydes and ketone, and (3) improve headspace sampling
with a purge and trap sampler.
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